Objective. This study aims to assess the predictive value of histologic characteristics in determination of hormone receptor (ER/PR) and HER-2/Neu status in patients with invasive breast carcinoma of no special type (NST).
INTRODUCTION
Current practices in the diagnostic workup of breast cancer include histopathologic examination of biopsy and mastectomy specimens, and determination of estrogen receptor (ER), progesterone receptor (PR), and HER-2/Neu (C-erb B2) status via immunohistochemistry (IHC), and Fluorescence in situ hybridization (FISH), as confirmatory test for HER-2 status, should the results be equivocal. 1, 2 Although the use of IHC has been increasing in the Philippines, it is still not widely available, especially in technologically challenged institutions. In some centers where IHC is available, the cost of the test continues to be a major impediment to its use. In both cases, diagnostic workup often stops at routine histopathologic examination. In such cases where IHC could not be performed or could not be availed, there is a pressing need to maximize the utility of the information written on a routine histopathology report, and possibly use it to predict hormonal receptor and HER-2 status in patients with breast cancer.
Response of different grades of breast carcinomas to hormonal therapy has been observed as early as 1950s, demonstrating the possible correlation of tumor grade with the expression of hormone receptors. 3 The increasing use of IHC as part of diagnostic workup of breast cancer paved the way to studying the pattern of hormone receptor and HER-2 expression across histologic grades of breast carcinoma.
In general, low-grade tumors express ER and/or PR, and increasing tumor grade is associated with a negative ER and/or PR phenotype. [4] [5] [6] [7] [8] [9] [10] There is conflicting evidence as regards HER-2 immunoreactivity in relation to tumor grade, but high-grade tumors are observed to be associated with HER-2 overexpression. 7 Age seems to influence ER/PR expression, in that younger patients are generally ER/PR negative, and older patients are generally ER/PR positive, 5, 7, 10 while immunoreactivity to HER-2 appears to decrease with age. 5, 10 An inverse relationship seems to exist between ER/PR and HER-2 immunoreactivity. 5, 10 Interestingly, there is an apparent association between hormone receptor and HER-2 status and presence of axillary lymph node metastases, in that ER/PR-positive tumors are associated with a negative lymph node status, 8 while HER-2-positive tumors are associated with a positive lymph node status. 5 In the last decade, there is paucity of data regarding the correlation of the components of the Nottingham histologic grading system and hormone receptor and HER-2 expression.
The main objective of this study is to determine if histologic characteristics can predict hormone receptor and HER-2/Neu status of patients with invasive breast carcinoma of no special type (NST) in a local setting. Furthermore, the study aims to determine the relationship between ER, PR, and HER-2 expression in the said histologic type of breast cancer.
METHODOLOGY
This is an observational, analytic, retrospective study approved by the De La Salle Medical and Health Sciences Institute-Center for Clinical Epidemiology and Biostatistics (DLSMHSI-CCEB) on November 14, 2017, and DLSMHSI-Independent Ethics Committee (DLSMHSI-IEC) on January 18, 2018, and conducted at the department of Laboratory Medicine, De La Salle University Medical Center (DLSUMC), from October 9, 2017 to June 25, 2018.
Female patients who underwent modified radical mastectomy in DLSUMC within the January 1, 2014 to December 31, 2017 with a final histopathologic diagnosis of invasive ductal carcinoma or invasive carcinoma, NST were included in the study; provided that they met the following inclusion criteria: 1. the invasive carcinoma must not have a mixed component (e.g. invasive carcinoma with mucinous component, mixed invasive ductal and lobular carcinoma); 2. there must be no other malignant lesions or pathology indicating the presence of such malignant lesions, accompanying the invasive carcinoma (e.g. ductal and/or lobular carcinoma in situ, Paget disease of the nipple); the presence of benign lesions (e.g. fibrocystic changes, intraductal hyperplasia, and fibroadenoma) does not preclude inclusion in the study; and 3. the patient must have undergone IHC for ER, PR, and HER-2 in DLSUMC, using samples from core needle biopsy, excision biopsy, or sections of the tumor from modified radical mastectomy; the aforementioned procedures should also have been performed in DLSUMC. The last criterion was included to ensure adherence to the preanalytic guidelines of handling breast specimens stated in the ASCO/CAP guidelines for IHC testing of ER, PR, and HER-2 for breast cancer.
1,2 (See Appendix)
A minimum total sample size of 121 was computed using the method described by Peduzzi et al., 11 with K as the maximum number of predictor variables included in the analysis (K = 7), and p as the smallest among the proportions of ER-and PR-positive cases (0.68 and 0.58, respectively), and HER-2-negative cases (0.64). Values of p were taken from literature. 12 Histopathology report forms of the patients included in the study were reviewed, and the Nottingham histologic grade, Elston-Ellis score, and its components were noted. Four trained pathologists assessed the histologic characteristics of all cases using the Nottingham histologic grading system. 13 Primary tumor (pT) and lymph node stage (pN) were determined using the AJCC 8th edition cancer staging manual for breast cancer.
14 IHC was performed, following epitope retrieval, with a polymer based detection system (EnVision+, Dako, Carpinteria, CA) using monoclonal rabbit antibodies for ER-α (Clone EP1, Ready-to-Use (RTU)), monoclonal mouse antibodies for PR (Clone PgR 636, RTU) (Dako, Carpinteria, CA), and Herceptin kit (HercepTest, Dako, Carpinteria, CA). IHC reports of included patients were reviewed, and the ER, PR, and HER-2 status were noted. A trained pathologist assessed all the cases following the ASCO/CAP guidelines for IHC testing of ER, PR, and HER-2 for breast cancer. 1, 2 Multivariate logistic regression analysis was used to assess the effect of histologic characteristics on ER and PR status, with the age, lymphovascular space invasion, T, and N as covariates. Multivariate multinomial logistic regression analysis was employed to assess the effect of histologic characteristics and covariates on HER-2 status. Multivariate multinomial logistic regression was used to determine the relationship between HER-2 and ER/PR status; the significant covariates that were included in the model are: age, lymphovascular space invasion, ElstonEllis score, pT, and pN. Statistical analysis was performed at 95% level of significance, using STATA 14.2 (College Station, Texas, USA).
RESULTS
A total of 137 cases of women diagnosed with invasive carcinoma, no special type (NST), were included in the study. Table 1 summarizes the pertinent characteristics of the included cases. The mean age of patients with invasive carcinoma NST is 55.11 years. Most of the cases are Nottingham histologic grade 2 (moderately differentiated), and have an Elston-Ellis score of 6. In terms of histologic characteristics, majority of the cases have an architectural grade of 3, nuclear score of 2, and mitotic count score of 1. As per pathologic stage, most of the cases are T2 and N2. In terms of immunohistochemical phenotype, majority of the cases are ER-positive, PR-positive, and HER-2-negative.
Multiple logistic regression was performed to determine the effect of histologic characteristics on ER and PR status, while multinomial multiple logistic regression was used to determine the effect of the said predictors on HER-2 expression. The regression coefficients and the pertinent statistics are shown in Table 2 . Architectural grade demonstrated no significant effect on ER and PR status; however, it appears to be a significant positive predictor of HER-2 immunoreactivity, although only at the equivocal level (P=0.026). Nuclear pleomorphism is a significant negative predictor of ER immunoreactivity (P=0.031). Mitotic count is not a predictor of hormone receptor and HER-2 status.
Similar analyses were employed to identify the effect of Elston-Ellis score and Nottingham histologic grade on hormone receptor and HER-2 status. The regression coefficients and pertinent statistics are summarized in Table 3 . Elston-Ellis score and Nottingham histologic grade are not predictors of hormone receptor and HER-2 immunoreactivity.
Multinomial logistic regression was performed to assess the effect of ER and PR status on HER-2 expression. The regression coefficients and pertinent statistics are shown in Table 4 . ER immunoreactivity is not a predictor of HER-2 status, while PR immunoreactivity appears to be a significant negative predictor of a strongly positive HER-2 status (P=0.035).
Lymph node stage, while included in the models as covariate, appears to be a significant positive predictor of HER-2 immunoreactivity, albeit at an equivocal level. The regression coefficients and pertinent statistics including P values, where lymph node stage has served as covariate for each model are summarized in Table 5 .
DISCUSSION
The Nottingham histologic grading system accounts three histologic characteristics -architectural grade, nuclear pleomorphism, and mitotic count, to classify breast cancers as to three histologic grades. The study suggests that increasing nuclear grade is associated with a negative ER status, and increasing architectural grade is associated with HER-2 expression. There are limited studies correlating the components of the Elston score with hormone receptor status. Increasing nuclear grade points to a more anaplastic morphology and indicates that a tumor is actively dividing. There is less time to assume the normal phenotype of mammary ductal epithelial cells to express steroid hormone receptors. Also, ERindependent breast cancers usually rely on other genetic mechanisms for growth, and are associated with highgrade histology; and these may be possible explanations behind the association. 15 There is also scarce data as regards correlation between the components of the Elston score and HER-2 expression. Increasing architectural grade indicates rapid division of cells that result in formation of tumor nests, clusters, and sheets, rather than formation of tubular structures characteristic of normal mammary ductal epithelial cells. HER-2 is an oncogene that drives cellular proliferation, and HER-2-enriched breast cancers are usually high-grade. 15, 16 The nature of HER-2 as a driver of cellular proliferation may explain the correlation. In a limited-resource setting, breast cancer patients with high nuclear and architectural grade on routine histology, should prioritize determination of hormone receptor and HER-2 status via IHC, because there is high likelihood of a negative ER phenotype and HER-2 expression in these cancers, which determines treatment options for these patients. The results of the study show that Elston score and Nottingham histologic grade do not predict hormone receptor and HER-2 status, which is conflicting with studies done previously. [4] [5] [6] [7] [8] [9] [10] In an attempt to eliminate complex interactions between variables, a simple logistic regression model that includes only the dependent variable (ER, PR, and HER-2 status) and the main predictor variable (Elston score and Nottingham histologic grade) was run, and results were inconsistent (not shown). The association may become apparent with improved statistical power. The findings demonstrate the importance of IHC for ER, PR, and HER-2 in managing patients with breast cancer, since Elston score and histologic grade cannot predict such. In a limited-resource setting, clinicians must always advise patients to allot funds for these tests in order to determine amenability to hormonal and anti-HER-2 drugs, and to properly prognosticate their patients.
The study suggests that PR expression is associated with a negative HER-2 status. A similar relationship is expected for ER expression, albeit the model showed otherwise. A simple model including HER-2 as dependent variable, and ER as main predictor variable was run, and it showed that ER expression is also a negative predictor of a strong HER-2 status (P=0.037). The association may become apparent with improved statistical power. This finding is congruent with that of studies done previously. 5, 10 The pathogenesis of breast cancer is complex, but current evidence suggests that ER-positive breast cancers harbor distinct genetic abnormalities (16q deletions and 1q gains) that are generally not observed in ER-negative breast cancers, implying that the molecular pathogenesis of ER-positive breast cancers is different from ER-negative breast cancers. As previously mentioned, ER-independent breast cancers rely on different genetic mechanisms for growth; one of these being HER-2. 15 This may explain the Considering the results of the study, PR may be dropped from the usual IHC panel of breast cancer in a limitedresource setting, but there is evidence that ER(+), PR(-) breast cancers tend to respond poorly to Tamoxifen than those that are ER(+), PR(+). 16 Such a finding underscores the importance of PR status in management of patients with breast cancer, and it is optimal to determine the status of all three markers in all breast cancer patients, if possible.
Interestingly, the results of the study show that increasing lymph node stage is an independent predictor of HER-2 expression, which is consistent with the findings of a previous study. 5 Breast cancers expressing HER-2 are associated with high-grade histology, aggressive clinical behavior, and decreased survival, which may be attributed to the nature of HER-2 as a potent driver of cellular proliferation. 16 While this study demonstrates that advancing lymph node stage is predictive of HER-2 expression, in practice, clinicians still need to advise patients as regards the importance of HER-2 testing via IHC and its confirmation via FISH, to determine amenability to treatment with Trastuzumab, which is an expensive drug.
The study is time-bound, which limits the number of cases included in the study, which, in turn limits statistical power. Extension of the duration of the study includes more patients and may improve statistical power, which may make some relationships apparent. Another limitation is the complexity of analysis of HER-2 because of three outcomes that can be dichotomized with confirmatory testing via FISH, which is not available in our institution. The possibility of discordance in histopathology and IHC of core needle biopsy and mastectomy specimens may also be a possible limitation. The unavailability of IHC for both core needle biopsy and mastectomy specimens is secondary to variations in clinical practice in consideration of patient-related factors. Nevertheless, one recent study demonstrated that histopathology and core needle biopsy IHC were known to have high concordance rates with those of mastectomy specimens. 18 In order to minimize its potential effect, in future studies, we recommend doing IHC for both core needle biopsy and mastectomy specimens if patient and institutional factors permit.
CONCLUSION
The findings of this study demonstrate the predictive value of histologic characteristics on hormone receptor and HER-2 status in breast cancers, as well as the relationship between expression of hormone receptors and HER-2. These gave insights as regards the complex genetic mechanisms that are responsible in the development of breast carcinoma, and their influence on its histology. Because of the current limitations of this study, we still recommend that all three markers should be assessed in all breast cancer patients, even in a limited-resource setting, to optimize prognostication and management, and to properly channel the patient's limited funds to more appropriate diagnostic and therapeutic procedures.
